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OUTLINE
RNA modeling and RNA energy landscapes

Coarse grained RNA folding kinetics

Folding kinetics of RNA-RNA interactions

Analysis of toehold-mediated interactions
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RNA STRUCTURE
GCGGAUUUAGCUCAGUUGGGAGAGCGCCAGACUGAAGAUCUGGAGGUCCUGUGUUCGAUCCACAGAAUUCGCACCA

1

10

20

30

40

50

60

70

G

C

G

G

A

U

U
U

A

GCUC
AGU

U

G
G G A

G A G C
G

C

C

A

G

A
C

U
G

A A
G

A
U

C

U

G

G A
G

G
U

C
C

U G U G
U U

C

G
A

UC
CACA

G
A

A

U

U

C

G

C
A

C
CA

10

20

30 40

50

60

70

1

A secondary structure is a list of base pairs, where:

A base may participate in at most one base pair
Base pairs must not cross (no pseudoknots)
Only isosteric base-pairs (GC, AU, GU) are allowed.
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THE NEAREST NEIGHBOR ENERGY MODEL

H: Hairpin loop

I: Interior loop
M: Multi loop

E: Exterior loop
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ENERGY LANDSCAPES
An energy landscape is defined by

Conformation space 
Neighborhood relation [Move set] 
Energy function 

s ∈ Ω

M(s)

E(s)
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ENERGY LANDSCAPES
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Z = ∑s∈Ω e
−E(s)
kT G = −kT ln Z P(s) = e−E(s)/kT

Z
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ENERGY LANDSCAPES
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Efficient computation of RNA folding dynamics. Journal of Physics A: Mathematical and General,
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... where  is a constant to relate folding to wall-clock time 

KINETICS

Calculate transition rates from energy barriers 
Δ = E( ) − E( )G‡ sj si

= {kij
k0

k0e
− ΔG‡

RT

if Δ ≤ 0G‡

otherwise

k0
N. Metropolis, A.W. Rosenbluth, M.N. Rosenbluth, A.H. Teller, and E. Teller. Equation of state

calculations by fast computing machines. The Journal of Chemical Physics, 21(6):1087–1092, 1953.
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α β
= P(i|α)kαβ ∑

i∈α
∑
j∈β

kij

THE CHEMICAL MASTER EQUATION

= ( (t) − (t) )
d (t)Pi

dt ∑
i≠j

Pj kji Pi kij

... together with the rates of gradient basin transitions ...
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RNA-RNA INTERACTIONS

are concentration dependent...
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RNA-RNA INTERACTIONS

are concentration dependent...
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DESIGN SEQUENCE PAIRS
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DESIGN SEQUENCE PAIRS
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DESIGN SEQUENCE PAIRS
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RNA-RNA INTERACTIONS

toehold
interactions
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